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PROPANE TANK LEVEL MONITORING DEVICE AND SYSTEM 

This invention relates to devices for 
measuring gas flow rates and in particular to in-line 
gas flow rate sensors and to systems utilizing such 
sensors . 

Background of the Invention 
In a propane gas system where the gas 
consumers are supplied propane gas from a propane tank 
supply, a float level sensor is used in the propane 
tank to monitor the propane gas level . In such 
systems, the user periodically views the tank level 
sensor and then requests delivery of replacement 
propane gas as required. While such fuel level sensors 

which are mounted in the tank can provide a reliable 

15 indication of the gas level remaining in the tank, they 

are difficult to maintain and time-consuming to repair 
when needed in view of their placement within the tank 
itself . 

It is therefore desired to provide a propane 
2 0 tank level monitoring system which can not only sense 

and display the level of gas in the propane tank, but 
which can also provide a signal to a central location 
to use the information to track gas usage rate and to 
schedule delivery of replacement fuel as needed. In 
25 particular, it is desired to provide an in-line gas 

flow rate sensor for sensing the gas flow rate from 
which the level of the propane gas remaining in the 
tank can be derived. 
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Summarv of the Invention 

In accordance with the principles of the 
present invention, there is provided an in-line gas 
flow rate sensor using a Hall effect sensor responding 
to changing magnetic flux corresponding to changing gas 
flow rates to produce an output signal representing 
changes in the gas flow rate. 

In particular, there is provided a gas flow 
rate sensor which includes a flow tube, a diaphragm 
member movably mounted in the flow tube and which has a 
central aperture for receiving the gas flow. A tapered 
plug is mounted in the flow tube with a free plug end 
projecting within the central aperture of the diaphragm 
member. A spring has one end fixed in the flow tube 

_and„a„movabl_e_end_in_cjQnt„ae 

to resiliently urge the diaphragm member into contact 
with one end of the tapered plug corresponding to a 
central aperture closed position. In response to 
increasing gas rates, the diaphragm member is moved 
along the tapered plug away from the central aperture 
closed position and towards the free plug end. 

A magnet is fixed to the movable diaphragm 
member for slidable movement within the flow tube to 
respond to increasing gas flow rates and thereby 
provide a changing magnetic flux, and a magnetic flux 
sensor is mounted adjacent the magnet for responding to 
the changing magnetic flux and thereby producing an 
output signal for presenting changes in the gas flow 
rate . 

The tapered plug includes a plug outer 
surface shaped to provide a linear relationship between 
the magnetic flux density and the output of the 
magnetic sensor. Thus, as the diaphragm member 
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containing the magnet is moved for instance from an 
initial flow tube orifice closed position on the 
tapered plug to an orifice opened position with respect 
to the tapered plug in response to an increased gas 
flow rate, the output of the magnetic sensor follows in 
a linear relationship f ro m the orifice closed to the 
orifice opened position. The output of the magnetic 
sensor thereby provides a signal indication which can 
be utilized in a known manner to provide the gas flow 
rate . 

The flow rate sensor includes a pressure 
sensor for sensing the gas pressure at the inlet of the 
flow tube and a temperature sensor for indicating the 
temperature of the gas. Using a well known algorithm, 
_such as the Universal Gas S.i ^g^quation, with the 



values of the gas pressure, temperature, output signal 
from the magnetic sensor, and known physical parameters 
of the flow rate sensor, the gas flow rate can be 
obtained. Accordingly, starting with a known full gas 
tank level and having determined the gas flow rate 
exiting the tank, the actual level of gas remaining in 
the tank can readily be determined. This information 
can conveniently be utilized for scheduling delivery of 
replacement fuel to the tank. 

Brief Descrip i-i-nT, of th<=i nraM ^ r 
The features of this invention which are 
believed to be novel are set forth with particularity 
xn the appended claims. The invention may be best 
understood be reference to the following description 
taken in conjunction with the accompanying drawings, in 
which like reference numerals identify like elements in 
the several figures and in which: 
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Fig. 1 is a schematic diagram of a propane 
gas tank distribution system incorporating an in-line 
flow rate sensor according to the present invention; 

Fig. 2 is a schematic diagram illustrating an 
5 in-line flow rate sensor according to the present 

invention including an in-line flow tube; and 

Fig. 3 is a cross sectional view illustrating 
a gas flow rate sensor in accordance with the present 
invention. 

10 Detailed Description 

Figure 1 illustrates a propane gas 
distribution system 10 which includes a tank 12 
containing a supply of propane gas. A pressure 
-reg-u-l-a-feear-; 14— regulates- the-gas— pressure— in— a— supply 

15 conduit 16 which is coupled to an in-line flow rate 

sensor 18. The gas flow output of the flow rate sensor 
18 is coupled on an outlet conduit 2 0 to users 21 of 
the propane gas. The gas flow rate sensor 18 includes 
a communication link to provide a signal on output line 

2 0 22 representing the gas flow rate which signal is 

coupled to a report station 24. The report station 24 
uses the gas flow rate information to determine the 
level of propane remaining within the propane tank 12 
and can then schedule delivery of replacement gas to 

25 the tank 12 as needed. 

Figure 2 schematically illustrates the in- 
line gas flow rate sensor 18 in accordance with the 
present invention which includes a flow tube 2 6 and an 
auxiliary housing 28 mounted on the flow tube 26. A 

10 movable magnet 3 0 is mounted within the flow tube 26 

and acted upon by the gas flow from conduit 16 to 
provide a changing flux density in response to the 
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cha„g ing flow rate . A ^ etic sensQr ^ 

a Hall effect S e ns0 r, is mounted in the auxiliary 
housing 28 and closely adiacenr n, 

detect n,. v. • ^acent the magnet 30 so as to 

detect the changmg flux density corresponding to the 
chang ln9 gas flow rate . fl pressure » 

mounted in the flow tube to deter-f 

oaa ^i— ,= . detect the pressure of the 

gas xnlet from rnlet conduit „. A temperature sensor 

I' m ° UnCed in thS fusing 28 to detect the 

gas temperature. The respective outputs of the 

Zsor^T" PreSSUrS SSnSOr " — erature 

sensor 36 are coupled to a communications linx 37 for 
supply, the corresponding information on output Una 
22 to the report station 24. with this information the 
3 as flow rate can be obtained using a well known 

and the level of gas remaining in the tanx 12 ^sc^T 
be readily obtained. 

The details of the schematic view Figure 2 of 
the flow rate sensor 13 are shown in the cross 
sectional view of Figure 3. As shown in the crQss _ 
sectional view of Figure 3, the flow tube 26 includes 

threadably Joined together by an orifice guide 42 The 
rnlet tube 33. the outlet tube 40, and the orifice 
9urde 42 are all formed of a non-magnetic metal such as 
brass or aluminum. A flow plate 44 is formed of a 

to a etTr ial ^ lnClUdeS * S6rieS ° f "~ *»~ «« 
to evenly distribute the inlet gas flow from inlet 

conduit 16 . A tapered plug 43 is mounted to the flow 
plate 44 by a threaded screw 49. 

A movable orifice member 50 includes a 
central opening 51 surrounding the tapered p lu g 48 with 
an upstream opening 51a being smaller than a downstream 
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20 



25 



30 



opening 51b so that the central opening 51 is outwardly 
dxverging. As shown in Fig. 3 there is an increasing 
space between the tapered plug 4 8 and the central 
opening 51 in the downstream flow direction. 

A magnet member 52 is mounted to the orifice 
member 50 with a flexible diaphragm 54 having its inner 
perimeter inserted therebetween, and with the outer 
perimeter of the diaphragm mounted between the outlet 
tube 40 and the orifice guide 42. The magnet member 52 
is slxdably mounted within a cavity 56 provided in the 
outlet tube 40, so that with changing gas flow rates 
the plug holder 50 and attached magnet member 52 
slidably move within the cavity 56. A spring 58 is 
captured between the outlet tube 40 and the orifice 

-member^o_and_has^ S ufficient^resiliency_to_move_.the 
upstream opening 51a of the orifice member 50 to one 
end of the plug 48 as shown in Fig. 3 when there is no 
gas flow, as the gas flow rate is increased, the 
orifice member 50 and associated magnet member 52 is 
moved away from the closed position and eventually to a 
position with respect to the plug 48 representing a 
maximum gas flow rate position. 

The tapered plug 48 and the outwardly 
diverging central aperture are shaped so that there is 
a direct linear relationship provided between the 
change in the flow orifice (i.e., the space between the 
tapered plug 48 and the central opening 51) and the 
flow rate change. In other words, with the flow 
orifice closed as shown in Fig. 3 , and going to a fully 
opened flow orifice position which represents the 
maximum gas flow rate position, the shape of plug 48 
and the shape of the central opening 51 provides a 
linear relationship between the change in the magnetic 
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flux density created 

the out™, I movement of magnet 52 and 

the output from the magnetic sensor ^ 

and central openin 3 51 may he termed an -ague peln 
Plug* which provides an egual percent fl J ori *ll^ 

""I " Un " 0rm 1 —- * «* -"ice member 50 

there „ provlded a constant percent of f iow change 

through the flow orifice. Thus, a linear re!^ „ 
exists between . "near relationship 

of the -agnetxc flux density and the output 

of the magnetic sensnr -30 puc 
<r -1 sensor 32 xn response to a chanqina 

flow rate through the flow orifice. 

In a constructed prototype embodiment of the 
™,on the central aperture was formed outwardly 
dxvergxng at an angle of about 10 degrees, and the 

T^rjZT* - a:\ngle 



enables hunting of the pressure sensor 34 utill ^ 
the output of the .agnatic sensor 32. as well as ^ * 

nf0rMtlm fr ° m ^ P~ sensor 34 and the 
temperature sensor 36 enables the gas flow rate to be 
deterged using an algorithm well teo wn in the 
industry, once the gas flow rate has been deferred 

fuai cL be h er rr d ' and deiivery ° £ any . 

tuel can be scheduled as required. 

given for T f ° re9 ° in9 d ^^n has been 

given for clearness of understanding only, and no 

unnecessary limitations should be understood theLfrom 
as modifications will be obvious to thn „ ^ erefrom ' 
the art US to those skilled in 
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What Is Claimed Is : 

1. A gas flow rate sensor comprising: 

a flow tube having a flow inlet and a flow 

outlet ; 

a diaphragm member movably mounted in the 
flow tube between the flow inlet and the flow outlet 
and having a central aperture for receiving the gas 
flow; 

a tapered plug fixedly mounted in the flow 
tube and having a free plug end projecting within the 
central aperture of the diaphragm member; 

a spring having a fixed end mounted in the 
flow tube and a movable end in contact with the 
diaphragm member for resiliently urging the diaphragm 

-member_into_contac-t_w.i.th^ 

corresponding to a central aperture closed position, 
with: the diaphragm member moved (1) away from the 
central aperture closed position and towards the free 
plug end in response to increasing gas flow rates, and 
(2) away from the free plug end and towards the central 
aperture closed position in response to decreasing gas 
flow rates; 

a magnet fixed to the movable diaphragm 
member for slidable movement within the flow tube and 
thereby responding to changing gas flow rates to 
provide changing magnet flux; and 

a magnetic flux sensor fixedly mounted 
adjacent the magnet for responding to the changing 
magnetic flux provided by the magnetic and producing an 
output signal representing changes in the gas flow 
rate . 
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2 . A gas flow rate sensor according to 
claim 1, wherein said central aperture is outwardly 
diverging and said plug is inwardly convergingly 
tapered in the downstream flow direction. 

3 . A gas flow rate sensor according to 
claim 2, wherein a linear relationship is provided 
between the change in gas flow rates and the 
corresponding changes in the magnetic flux. 

4 . A gas flow rate sensor according to 
claim 1, wherein said diaphragm member includes a 
diaphragm base with said central aperture, and a 
flexible diaphragm having an inner perimeter mounted to 
the diaphragm base and an outer perimeter mounted to 
the flow tube. 

5. A gas flow rate sensor according to 
claim 4, wherein said central aperture is outwardly 
diverging and said plug is inwardly convergingly 
tapered in the downstream flow direction. 
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6. A gas flow rate sensor comprising: 

a flow tube having a flow inlet and a flow 



outlet ; 



a movable flow orifice member movably mounted 
5 within the flow tube including a flow orifice enabling 

the gas flow therethrough; 

a fixed flow restrictor mounted adjacent the 
flow orifice member for changing the gas flow through 
the flow orifice member, the flow orifice member and 
L0 the flow restrictor formed so that each uniform 

increment of flow orifice member movement with respect 
to the fixed flow restrictor provides a constant 
percent of flow change through the flow orifice ; 

a magnet fixed to the movable flow orifice 

-5 member providing changing magnetic flux corresponding 

to each uniform increment of flow orifice member 
movement ; and 

a magnetic flux sensor responding to the 
changing magnetic flux and providing an putput 
!0 corresponding to a constant percent of flow rate 

changes . 
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